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Paris, the 29 March 2025 

 

The dissertation “Ensemble encoding of self- and other-related behaviors in the medial prefrontal cortex” by 

Konrad Danielewski, conducted at the Nencki Institute of Experimental Biology under the supervision of Prof. 

Ewelina Knapska and Dr. Kacper Kondrakiewicz, presents a rigorous investigation into how the medial 

prefrontal cortex (mPFC) encodes both self- and other-related behaviors in rats. The study is highly relevant 

to current neuroscience, particularly in the domains of social cognition and neural population coding, as it 

addresses whether observed behaviors are represented at the level of individual neurons, as posited by the 

classical mirror neuron hypothesis, or at the level of distributed population activity. The work is 

methodologically sound, integrating advanced behavioral paradigms, high-density electrophysiological 

recordings, and computational analyses to examine the neural mechanisms underlying social behavior. 

The introduction of the dissertation is particularly well-written, providing a comprehensive review of the 

literature on rodent social behavior, the functional role of the mPFC, and the conceptual tension between 

single-neuron and population-level coding. The candidate demonstrates a strong command of the relevant 

theoretical frameworks, integrating perspectives from neuroscience, ethology, and computational modeling. I 

found the introduction especially valuable in that it presents a coherent and structured vision of the field—one 

that, while open to debate, is conceptually consistent and intellectually compelling. 

Methodologically, the study makes use of a broad array of techniques, including Neuropixels 

electrophysiological recordings, pose estimation using DeepLabCut, dimensionality reduction approaches and 

decoding analysis. The behavioral paradigm, adapted from social buffering protocols, is well-designed, 

allowing the author to investigate how rats integrate information about a partner’s behavior to adjust their own 

responses. The use of machine learning classifiers to decode neural activity adds a quantitative dimension to 

the analysis, enabling an objective evaluation of how population activity relates to distinct behavioral states. 

The results provide convincing evidence that the mPFC encodes both self-generated and observed behaviors 

at the population level rather than through individual neurons acting as mirror neurons. The analyses show 

that observed behaviors are associated with distinct neural trajectories, supporting the view of a flexible, 

context-dependent representational scheme. Furthermore, the study demonstrates that behavioral states such 

as freezing and rearing are encoded independently of simple motor kinematics, suggesting that the mPFC 

supports higher-order representations rather than reflecting low-level motor output. The decoding analyses 

indicate that both self- and partner-related behaviors can be classified above chance, highlighting the predictive 

structure embedded in population activity. 

The decoding results are clear and robust. Classification accuracy typically reaches around 60% for a six-class 

problem, far above the chance level of 16.6%, and reflects structured, behaviorally relevant information in the 

recorded neural activity. This is particularly notable given the complexity and ecological validity of the 

behavioral paradigm. However, the decoding performance remains moderate, and some behavioral classes 

are more reliably identified than others. This raises important questions about the specificity and distribution of 

encoding across the mPFC population. While the analyses clearly demonstrate the presence of social and 

behavioral information in the signal, they do not yet define a mechanistically transparent model of how such 
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representations are formed and used. The findings thus point to a complex and distributed neural code that 

warrants further investigation. 

The discussion situates these results effectively within the broader literature on social cognition, population 

dynamics, and decision-making. The author persuasively argues that population-level encoding provides a 

more flexible and robust mechanism than single-neuron mirroring. A particular strength of this section is the 

theoretical reflection on how the mPFC integrates internal and external information in a socially relevant 

context. The findings are framed within broader constructs such as social learning, associative processing, 

and geometrical representations of neural activity, contributing to a compelling interpretive framework. 

Nonetheless, certain points might have been explored in greater depth—for instance, the potential influence 

of other brain regions (e.g., the amygdala or hippocampus), the impact of motivational and attentional factors, 

or the possible role of temporal coding schemes. 

One broader conceptual question that emerges from this work is the precise functional role of the mPFC in 

social cognition. While the dissertation convincingly demonstrates that this region encodes both self- and other-

related behaviors, it remains unclear whether such encoding reflects passive cue extraction, active behavioral 

prediction, or internal model construction. Does the mPFC merely represent observed actions, or does it 

contribute to building interpretable models of others’ behavior and intentions? This distinction has important 

implications for understanding the computational functions of prefrontal circuits in social contexts. 

Nevertheless, the discussion remains one of the strongest aspects of the dissertation and places the findings 

within a well-developed and innovative scientific narrative. 

Overall, the dissertation makes a clear and original contribution to the field of social neuroscience and neural 

population coding. It challenges existing theories on mirror neurons and supports a more dynamic, population-

based framework for understanding how social behaviors are encoded in the brain. The work demonstrates 

the candidate’s capacity to conduct independent, methodologically sophisticated research and to engage 

critically with complex theoretical issues. The findings are novel, well supported, and likely to stimulate further 

research on neural population dynamics and social cognition. In view of the scientific merit, originality, and 

methodological rigor of the work, I strongly recommend that Konrad Danielewski be admitted to the subsequent 

stages of the doctoral defense. Moreover, I consider this dissertation to be of outstanding quality and support 

its distinction. 

 

Philippe Faure 

Research Director CNRS  

Brain Plasticity Lab,ESPCI Paris  
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Dr hab. Anna Błasiak, prof. UJ      Kraków, 26.03.2025 
Zakład Neurofizjologii i Chronobiologii 
Wydział Biologii 
Uniwersytet Jagielloński 
 

Review of the doctoral dissertation by Konrad Danielewski 

entitled 

„Ensemble encoding of self- and other-related behaviors in the medial prefrontal cortex” 

 

The doctoral dissertation „Ensemble encoding of self- and other-related behaviors 

in the medial prefrontal cortex”, concerns the neuronal mechanisms underlying the social 

transfer of information. This is a significant and still insufficiently explored topic, 

as understanding how individuals interpret the behaviors and emotional states of others 

is essential for revealing how both humans and animals function in social environments, 

especially when confronted with potential threats. Notably, as the Author emphasizes, social 

interactions have the capacity to influence fear responses, potentially offering natural 

pathways to reduce fear through interpersonal engagement. 

The dissertation begins with a list of the most commonly used abbreviations, which may not 

be a crucial part of the work, but would certainly benefit from being arranged in alphabetical 

order and slightly expanded in terms of content. 

The Introduction is a very well-written part of the dissertation, in which the Author presents 

the key issues related to the social behaviors of rats in a clear and accessible manner, 

maintaining both relevance to the subject and consistency with the content of the subsequent 

chapters. Throughout the Introduction, the behavioral repertoire of the rat—the experimental 

animal used in the later studies—is defined and supported by well-chosen illustrations. 

The Author rightly emphasizes that social play and interactions during adolescence are 

essential for healthy social and neural development in these animals. Understandably, and 

in line with the aims of the study, the focus remains on the rat behavior, which is further 

justified by the limited number of studies on animals in this area. However, it would add 

further value to this section to briefly acknowledge—supported by relevant literature—that 

similar processes occur in humans and are equally critical for their social and neural 

development. 

In the following paragraphs of the Introduction, the Author discusses the role of the medial 

prefrontal cortex, presenting it in a concise - perhaps even overly concise - manner. 

As a reviewer, I appreciate the overall brevity of the dissertation; however, it seems justified 
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to expand this section somewhat, particularly regarding studies focused on the anterior 

cingulate cortex (ACC). As the Author notes, the ACC plays a significant role in observational 

learning, the subjective experience of pain, and the anticipation of aversive events. Given 

the subject of the dissertation, it would be worthwhile to explore these aspects in more detail 

and support them with relevant literature. 

The Author stated (already in the Abstract) that the aim of the study was to elucidate the role 

of the medial prefrontal cortex (mPFC) in social interactions, by analyzing neuronal activity 

in specific subregions of the mPFC during both the observation of emotionally charged 

behaviors exhibited by a conspecific and the expression of such behaviors by the experimental 

animal. Later, in "The aim of the dissertation" section, more specific research objectives are 

outlined. These include addressing whether the behaviors of self and others can be decoded 

based on mPFC activity, whether these behaviors are represented by the activity of individual 

cells or by population-level dynamics, and whether there is evidence of mirroring in the rat 

mPFC at either the single-cell or population level. While the specific objectives outlined 

in the dissertation were largely achieved, the broader aim presented in the Abstract remains 

unmet. The role of the medial prefrontal cortex (mPFC) in the studied behaviors was not 

directly tested. The dissertation describes the activity of specific mPFC subregions—at both 

the single-neuron and population levels—without experimentally verifying the functional 

involvement of the mPFC itself. 

The Methods section presents the applied methodology in a generally clear and adequately 

detailed way. To conduct the research described in the doctoral dissertation, the Author 

employed some of the most advanced electrophysiological techniques available, within 

an exceptionally challenging experimental setting. Electrophysiological recordings were 

performed using Neuropixels probes in freely moving animals. Additionally, the analysis 

of electrophysiological signals was combined with video analysis. To the best of my knowledge, 

no Polish research group has yet published an experimental study using Neuropixels 

technology, which makes the presented results all the more noteworthy and deserving 

of recognition. 

Given the applied protocol, one point that raises questions—and on which I would like to ask 

for the Author’s comment—is the choice of an experimental paradigm in which the partners 

underwent a fear extinction protocol, but the experimental animals did not. Considering the 

key question posed in the dissertation—Does observing another’s behavior recruit specialized 

cells or cell populations?—one might expect that a more appropriate design would involve 

a situation where the partner animal being observed by the experimental subject displays 

clear, emotionally salient behaviors, particularly those related to fear. This seems especially 

relevant given that the brain area under investigation, the medial prefrontal cortex (mPFC), 

plays a critical role in interpreting social contexts and regulating emotional responses. 
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The Author explains that the protocol was chosen because “the experimental design puts 

animals into a situation where meaningful information is shared between individuals due 

to similar experiences, i.e., the experimental animal has a reason to pay attention to its partner 

for information about the threat related to the CS.” However, at the same time, the partner 

has little reason to express emotional behaviors, having undergone extinction training, while 

the experimental animal has a strong reason to respond emotionally to the CS. 

Given this, I would like to ask: does the Author believe that the experimental animal’s possible 

expectation of the unconditioned stimulus (having not undergone extinction) might influence 

mPFC activity, including the activity related to observing the partner? 

The fact that the Author developed his own analysis tools, including training artificial neural 

networks and creating custom scripts for the analysis of electrophysiological data, is worth 

recognition. However, it is not clear how the electrophysiological signal was synchronized with 

the video signal. 

The obtained results were subjected to in-depth analysis, including Principal Component 

Analysis (PCA) for testing feature collinearity. Additionally, a machine learning decoding 

approach was applied to analyze the behavior itself. This allowed for successful decoding 

of all examined behavioral categories and effective differentiation between events involving 

the experimental animal and those involving its social partner. The data were presented 

through various plots, trajectories, and heat maps, enabling a clear visualization 

of the findings. The analysis of neural activity revealed a lack of strong correlations and linear 

relationships between individual cells, indicating a high-dimensional nature of the data. 

However, the exact method used to assess correlations between features remains unclear—

specifically, the type of correlation analysis applied, as well as how electrophysiological signals 

were quantitatively linked to behavioral variables such as velocity or acceleration; 

how electrophysiological signal was synchronized with video data. How movement 

acceleration was computed? Figure 25 is described in the text as showing the correlation 

between neural activity and acceleration; however, its legend suggests that it actually refers 

to velocity.  

The discussion of the obtained results is conducted in a mature and thoughtful manner, 

demonstrating the Author's deep understanding of the topic and a strong ability to accurately 

interpret the findings. Importantly, the discussion provides clear answers to the specific 

questions posed earlier in the dissertation. 

The Author clearly states that behaviors of self and others can be decoded based on mPFC 

activity, emphasizing the robustness of population-level decoding. Furthermore, based 

on the obtained results and in a well-justified manner, it is indicated that behaviors of self and 

others are primarily encoded at the population level, rather than by specialized individual 

neurons. 
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Finally, it is concluded that no sufficient evidence for mirroring in the rat mPFC was found—

neither at the single-cell nor at the population level. The findings suggest that behavior can 

be understood without the need for single-cell mirroring mechanisms, and instead point 

to a broader integrative role of population-level dynamics within the mPFC. These are highly 

significant conclusions, pointing to new possibilities regarding the principles of encoding 

in the medial prefrontal cortex (mPFC). 

In summary, Discussion is a very well-written section of the thesis. The only possible suggestion 

for improvement would be to consider linking the findings back to the Sherringtonian 

and Hopfieldian perspectives outlined in the introduction. 

The bibliography consists of over 100 references, appropriately selected to match the content 

of the dissertation. However, there is a degree of inconsistency: the initial intent to organize 

the references alphabetically is not maintained in the latter part of the list. Additionally, some 

works cited in the main text are missing from the bibliography (for example, Paxinos & Watson, 

2007). 

In conclusion, I would like to indicate that Mr. Konrad Danielewski has presented a valuable 

doctoral dissertation, and the electrophysiological results contained therein contribute 

meaningfully to our understanding of the neuronal mechanisms underlying the encoding 

of behaviors of self and others in the medial prefrontal cortex (mPFC). 

Minor comments, questions, or doubts raised in the course of the review do not affect 

the overall positive evaluation of the dissertation. 

I hereby state that the reviewed doctoral dissertation entitled "Ensemble encoding of self- 

and other-related behaviors in the medial prefrontal cortex" meets the requirements specified 

in Article 187 of the Act of July 20, 2018 – Law on Higher Education and Science, 

and I recommend the admission of M.Sc. Konrad Danielewski by the Scientific Council 

of the Nencki Institute of Experimental Biology PAS to the next stages of the procedure 

for the award of the doctoral degree. 
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